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@ Distributed data processing system having uniform load distribution. 



@ In a distributed data processing system includ- 
ing a plurality of data processing request units (1- 
1-1-3), a plurality of data processing execution units 
(2-1 -2-3). and a network (3) connected there- 
between, each of the data processing request units 
transmits a plurality of load inquiry request signals 
(S2, S3) to the data processing execution units 



which in turn generate load response signals (S4, 
S5) showing wheir load states. Then, the data pro- 
cessing request units selects one of the data pro- 
cessing execution units having a minimum load state 
and transmit a data processing execution requesting 
signal to it. so Uiat data processing is executed 
therein. 
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BACKGROUND OF tHE INVENTION 
Field of the Invention 

The present invention relates to a distributed 
data processing system Including a plurality of data 
processing request units, a plurality of data pro- 
cessing execution units, and a network connected 
therebetween. 

Description of the Related Art 

A prior art distributed data processing system 
includes a plurality of data processing request 
units, a plurality of data processing execution units, 
a network connected between the data processing 
request units and the data processing execution 
units, and a distribution/supervisory unit for central- 
ized control to disperse the loads of the data pro- 
cessing execution units. 

In the above-mentioned prior art distributed 
data processing system, however, a protocol is 
required for interaction between the data process- 
ing request units and the distribution/supervisory 
unit, interaction between the distribu- 
tion/supervisory unit and the data processing ex- 
ecution units, and interaction between the data 
processing request units and the data processing 
execution units, and thus, the protocol becomes 
complex. Also, the centralized control by the dis- 
tribution/supervisory unit may cause the entire sys- 
tem to malfunction. This will be explained later in 
detail. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to make 
the loads in data processing execution units in a 
distributed data processing system uniform without 
using centralized control. 

According to the present invention, fn a distrib- 
uted data processing system including a plurality of 
data processing request units, a plurality of data 
processing execution units, and a network con- 
nected therebetween, each of the data processing 
request units transmits a plurality of load inquiry 
request signals to the data processing execution 
units which, in turn, generate load response signals 
showing their load states. Then, the data process- J 
ing request units select one of the data processing 
execution units having a minimum load state and 
transmits a data processing execution requesting 
signal to it. so that data processing is executed 
therein. That is, communication between the data 
processing request units and the data processing 
execution units Is established . directly via the net- 
work. Thus, a protocol therefor is simplified. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly un- 
derstood from the description as set forth below, in 
comparison with the prior art, with reference to the 
accompanying drawings, wherein: 

Fig. 1 is a block diagram Illustrating a prior art 
distributed data processing system; 
Fig, 2 is a timing diagram showing a protocol of 
the system of Fig. 1; 

Fig. 3 is a block diagram illustrating an embodi- 
ment of the distributed data processing system 
according to the present invention; and 
Fgs. 4. 5 and 6 are timing diagrams showing 
protocols of the system of Rg, 3. 

DESCRIPT/ON OF THE PREFERRED EMBODY 
MENT 

Before the description of the preferred embodi- 
ment, a prior art distributed data processing sys- 
tem will be explained with reference to Rqs 1 and 
2. 

In Fig. 1. which illustrates a prior art distributed 
data processing system, data processing request 
units 1-1 to 1-3 and data processing execution 
units 2-1 to 2-3 are mutually connected by a net- 
work 3, and are centrally controlled by a distribu- 
tion/supervisory unit 4. 

For example, assume that a processing request 
is generated in the data processing request unit 1- 
1, and the data processing execution unit 2-2 is in 
a lowest load state. In this case, the data process- 
ing request unit 1-1 establishes communication 
with the distribution/supervisory unit 4 via the net- 
work 3 to ask for assignment of data processing. 
Next, the distribution/supervisory unit 4 establishes 
communication with the data processing execution 
units 2-1 to 2-3 via the network 3 to search for the 
data processing execution unit 2-2 which is in the 
lowest load state. As a result of this search, the 
distribution/supervisory unit responds to the data 
processing request unit 1-1 indicating that the unit 
1-1 should request the data processing execution 
unit 2-2 to process the data. Rnally. the data 
processing request unit 1-1 establishes commu- 
nication with the data processing execution unit 2-2 
via the network 3. and the- data processing request 
unit 1-1 requests the data processing execution 2-2 
to execute data processing. 

The above-described mutual communication is 
estairshed based upon a protocol as illustrated in 
Fig. 2. In Rg. 2, only the two data processing 
request units 1-1 and 1-2 and the two data pro- 
cessing execution units 2-1 and 2-2 are illustrated 
for simplification of the desription. Also, in Rg. 2, 
note that the load state of the data processing 
execution unit 2-1 is high while the load state of the 



BNSCXXIO: <EP__063e8e3A1J_> 



3 



EP 0 638 863 A1 



4 



data processing execution unit 2-2 is low. Also, the 
protocol is represented by horizontal lines, and the 
time stream is indicated by arrows. 

First, upon generation of a request for data 
processing to be executed, the data processing 
request unit 1-1 generates a process assignment 
requesting signal S1 and transmits it to the dis- 
tribution/supervisory unit 4. As a result, the distribu- 
tion/supervisory unit 4 generates load inquiry sig- 
nals S2 and S3 and transrnits the load inquiry 
signals S2 and S3 to both of the data processing 
execution units 2-1 and 2-2. 

Next, each of the data processing execution 
units 2-1 and 2-2 inform their current load states to 
the distribution/supervisory unit 4 by generating 
load response signals S4 and S5. 

As a result, the distribution/supervisory unit 4 
selects one of the data processing execution units 
2-1 and 2-2 which is in the lowest load state. In this 
case, the distribution/supervisory unit 4 selects the 
data processing execution unit 2-2, and transmits a 
processing assignment response signal S6 includ- 
ing address information of the data processing ex- 
ecution unit 2-2 to the data processing request unit 
1-1. 

Finally, the data processing request unit 1-1 
transmits a data processing execution requesting 
signal 87 directly to the data processing execution 
unit 2-2 by using the address information transmit- 
ted from the distribution/supervisory unit 4. Thus, 
the data processing execution unit 2-2 executes 
data processing for^the data processing request 
unit 1-1. 

Similarly, if a data processing request occurs in 
the data processing request unit 1-2 after genera- 
tion of a data processing request in the data pro- 
cessing request unit 1-1, the protocol described in 
Rg. 2 is applied to the data processing request unit 
1-2. 

In the distributed data processing system bf- 
Fig. 1 using the protocol of Rg. 2, however, the 
protocol is required for interaction between the data 
processing reqnesting units 1-1 to 1-3 and the 
distribution/supervisory unit 4, interaction between 
the distribution/supervisory unit 4 and the data pro- 
cessing execution units 2-1 to 2-3, and interaction 
between the data processing request units 1-1 to 1- 
3 and the data processing execution units 2-1 to 2- 
3, and thus, the protocol become complex. Also, 
the centralized control by the distribu- 
tion/supervisory unit may cause the entire system 
to malfunction, since the distribution/supervisory 
unit 4- may be overloaded, and also the distribu- 
tion/supervisory unit 4 may experience problems 
thus stopping the function thereof. 

In order to prevent overloading of the distribu- 
tion/supervisory unit 4 and also to avoid problems 
with the distribution/supervisory unit 4, two or more 



distribution/supervisory units may be provided; 
however, in this case, the protocol therefor be- 
comes more complex, thus further complicating the 
system. 

6 In Fig. 3, which illustrates an embodiment of 

the present invention, the distribution/supervisory 
unit 4 of Fig. 1 is not provided, and accordingly, 
the data processing request units 1-1 to 1-3 estab- 
lish direct communication with the data processing 

10 execution units 2-1 to 2-3, so as to receive assign- 
ment of the data processing execution units 2-1 to 
2-3 for execution of data processing. Mutual com- 
munication in Fig. 3 is established based upon a 
protocol as illustrated in Rg. 4. Also, in Fig. 4, only 

15 the two data processing request units 1-1 and 1-2 
and the two data processing execution units 2-1 
and 2-2 are illustrated for simplification of the des- 
ription. Also, in Fig. 4, note that the load state of 
the data processing execution unit 2-1 is high while 

20 the load state of the data processing execution unit 
2-2 is low. Also, the protocol is represented by 
horizontal lines, and the time stream is indicated by 
arrows. 

First, upon generation of a data request for 

25 processing to be executed, the data processing 
request unit 1-1 generates load inquiry signals S2 
and S3 and transmits the load inquiry signals S2 
and S3 to both of the data processing execution 
units 2-1 and 2-2. 

30 Next, each of the data processing execution 

units 2-1 and 2-2 inform their current load states to 
the data processing request unit 1-1 by generating 
load response signals S4 and S5. 

Finally, the data processing request unit 1-1 

35 selects one of the data processing execution units 
2-1 and 2-2 which is in the lowest load state. In this 
case, the data processing request unit 1-1 selects 
the data processing execution unit 2-2. Then, the 
data processing request unit 1-1 transmits a data 

40 processing execution requesting signal S7 directly 
to the data processing execution unit 2-2. Thus, the 
data processing execution unit 2-2 executes data 
processing for the data processing request unit 1-1. 
Similarly, if a data processing request occurs in 

4B the data processing request unit 1-2 after genera- 
tion of a data processing request in the data pro- 
cessing request unit 1-1, the protocol described in 
Fig. 4 is applied to the data processing request unit 
1-2. 

50 In Fig. 4, the process assignment requesting 

signal SI and the process assignment response 
signal S7 of Fig. 2 are absent, thus simplifying the 
protocol of Fig. 4. 

in the protocol of Fig. 4, however, when the 

55 data processing request units 1-1 and 1-2 generate 
load Inquiry request signals almost simultaneously, 
unbalanced assignment of data processinging ex- 
ecution may occur so that the load states of the 
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data processing execution units 2-1 and 2-2 are 
unbalanced. For example, as shown in Fig. 5, im- 
mediately after the data processing request unit 1- 
1 transmits load inquiry request signals S2 and S3 
to the data processing execution units 2-1 and 2-2, s 
respectively, the data processing request unit 1-2 
transmits load inquiry request signals S2' and S3' 
to the data processing execution units 2-1 and 2-2. 
respectively. Then, the data processing execution 
units 2-1 and 2-2 transmit load response signals S4 jo 
and 85. respectively, to the data processing re- 
quest unit 1-1 and immediately thereafter, the data 
processing execution units 2-1 and 2-2 transmit 
load response signals S4* and S5'. respectively to 
the data processing request unit 1-2. In this case, 76 
the load response signals S4' and 85^ are the 
same as the response signals S4 and 85. respec- 
tively. Therefore, both of the data processing re- 
quest units 1-1 and 1-2 select the data processing 
execution unit 2-2. and as a result, the load of the 20 
data processing execution unit 2-2 is increased, 
thus creating an unbalanced load distribution be- 
tween the data processing execution units 2-1 and 
2-2. 

In order to avoid the above-described unbal- 25 
anced load distribution between the data process- 
ing execution units 2-1 and 2-2. a reception prohib- 
iting time period T1 is introduced. That is. when 
one of the data processing execution units, such as 
2-2. receives one ioad inquiry request signal, the 30 
data processing execution unit 2-2 thereafter re- 
jects other load inquiry request signals for the 
reception prohibiting time period T1. In this case, 
the reception prohibiting time period T1 is larger 
than a time period defined as a time from when 35 
one load inquiry request signal is received by one 
data processing execution unit to a time when a 
data processing execution requesting signal for the 
received load inquiry request signal Is received by 
the same data processing execution unit. Also, a 4o 
retransmission time period T2 is introduced. That 
is, even after the retransmission time period T2 has 
passed after transmission of a load inquiry request 
signal from one data processing request unit to one 
data processing execution unit. If the data process- 45 
ing request unit does not receive a load response 
signal from the data processing execution unit for 
the time period T2. the data processing request 
unit retransmits the load inquiry request signal to 
the same data processing execution unit. In this 50 
case, the time period T2 Is larger than the time 
period T1 . 

In Fig. 6. which introduces the reception pro- 
hibiting time period T1 and the retransmission time 
period T2 into the protocol of Fig. 4. first, upon 55 
generation of a request for data processing to be 
executed, the data processing request unit 1-1 
generates load inquiry signals S2 and S3 and 



transmits the load inquiry signals 82 and S3 to all 
of the data processing execution units 2-1 and 2-2. 

In this state, the data processing execution 
units 2-1 and 2-2 enter into a reception prohibiting 
state for the reception prohibiting time period T1. 
Therefore, even when the data processing request 
unit 1-2 generates load inquiry request signals S2' 
and S3* . the signals 82' and S3' are rejected by 
the data processing execution units 2-1 and 2-2. 

Next, each of the data processing execution 
units 2-1 and 2-2 inform their current load states to 
the data processing request unit 1-1 by generating 
load response signals 84 and S5. 

Then, the data processing request unit 1-1 
selects one of the data processing execution units 
2-1 and 2-2 which is in the lowest load state. In this 
case, the data processing request unit 1-1 selects 
the data processing execution unit 2-2. Then, the 
data processing request unit 1-1 transmits a data 
processing execution requesting signal 87 directly 
to the data processing execution unit 2-2. Thus, the 
data processing execution unit 2-2 executes data 
processing for the data processing request unit 1-1. 

In this state, the load of the data processing 
execution unit 2-2 is increased, while the load of 
the data processing execution unit 2-1 is de- 
creased. 

After the retransmission time period T2 has 
passed, the data processing execution unit 1-2 
generates load inquiry request signals S2" and S3" 
and transmits them to the data processing execu- 
tion units 2-1 and 2-2. again. At this time, since the 
reception prohibiting time period T1 is also re- 
leased, the data processing execution units 2-1 and 
2-2 receive the ioad inquiry request signals 82" 
and S3", respectively. 

Next, both of the data processing execution 
units 2-1 and 2-2 inform their current load states to 
the data processing request unit 1-2 by generating 
load response signals 84' and S5\ 

Then, the data processing request unit 1-2 
selects one of the data processing execution units 
2-1 and 2-2 which is in the lowest load state. In this 
case, the data processing request unit 1-2 selects 
the data processing execution unit 2-1. Then, the 
data processing request unit 1-2 transmits a data 
processing execution requesting signal S7* directly 
to the data processing execution unit 2-1. Thus, the 
data processing execution unit 2-1 executes data 
processing for the data processing request unit 1-2. 

Thus, according to the protocol as shown in 
Fig. 6. unbalanced assignment of data to be pro- 
cessed to the data processing execution units 2-1 
and 2-2 can be avoided, to make the load states 
thereof uniform. 

As explained hereinbefore, according to the 
present invention, since data processing request 
units poll data processing execution units individ- 
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ualiy and directly about the load states thereof, 
without centralized control, a protocol therefor can 
be simplified. 

Claims 

1, A distributed data processing system compris- 
ing: 

a plurality of data processing request units 
(1-1-1-3): 

a plurality of data processing execution 
units (2-1 -2-3); and 

a network (3) interposed and connected 
between said data processing request units 
and said data processing execution units, 

each of said data processing request units 
comprising: 

a first means for transmitting a plurality of 
load inquiry request signals (S2, S3) via said 
network to said data processing execution 
units; 

a second means for receiving load re- 
sponse signals (S4, S5) via said network from 
said data processing execution units, each of 
the load response signals indicating a load 
state of one of said data processing execution 
units; 

a third means for selecting one of said 
data processing execution units having the 
lowest load state in accordance with the load 
response signals; and 

a fourth means for transmitting a data pro- 
cessing execution requesting signal (87) via 
said network to one of said data processing 
execution units selected by said third means, 

each of sard data processing execution 
units comprising: 

a fifth means for receiving a load inquiry 
request signal via said network from one of 
said data processing request units; 

a sixth means for transmitting a load re- 
sponse signal showing a load state to the one 
of said data processing request units in re- 
sponse to the load inquiry request signal re- 
ceived by said fifth means; 

a seventh means for receiving a data pro- 
cessing execution requesting signal via said 
network from one of said data processing re- 
quest units; and 

an eighth means for executing data pro- 
cessing in accordance with the data process- 
ing execution requesting signal received by 
said data processing execution requesting sig- 
nal 

2. A system as set forth in claim 1, wherein each 
of said data processing execution units further 
comprises a ninth means for prohibiting an 



operation of said fifth means for a first definite 
time period (T1) each time after said fifth 
means receives a load inquiry request signal. 

s 3. A system as set forth in claim 2. wherein the 
first definite time period is larger than a time 
period defined from a time when one load 
inquiry request signal is received by one of 
said data processing execution units to a time 

10 when a data processing execution requesting 

signal corresponding to the load inquiry re- 
quest signal is received by the same one of 
said data processing execution units. 

75 4. A system as set forth in claim 2, wherein each 
of said data processing request units further 
comprises a tenth means for making said first 
means operate again unless said second 
means receives at least one of said load re- 

20 sponse signals within a second definite time 

period (T2). 

5. A system as set forth in claim 4, wherein the 
second definite time period is Jarger than the 

25 first definite time period. 

6. A distributed data processing system compris- 
ing: 

a plurality of data processing request units 
30 (1-1-1-3); 

a plurality of data processing execution 
units (2-1 -2-3); and 

a network (3) interposed and connected 
between said data processing request units 
35 and said data processing execution units, 

each of said data processing request units 
comprising: 

a first means for transmitting a plurality of 
load inquiry request signals (S2. S3) via said 
40 network to said data processing execution 

units; 

a second means for receiving load re- 
sponse signals (S4, S5) via said network from 
said data processing execution units, each of 

45 the load response signals showing a load state 

of one of said data processing execution units; 

a third means for making said first means 
operate again unless said second means re- 
ceives at least one of said load response slg- 

50 nals within a retransmission time period (T2); 

a fourth means for selecting one of said 
data processing execution units having a low- 
est load state in accordance with the load 
response signals; and 

55 a fifth means for transmitting a data pro- 

cessing execution requesting signal (87) via 
said network to one of said data processing 
execution units selected by said fourth means, 
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each of said data processing execution 
units comprising: 

a sixth means for receiving a load inquiry 
request signal via said network from one of 
said data processing request units; s 

a seventh means for prohibiting an opera- 
tion of said sixth means for a reception prohib- 
iting time period (T1) every after said sixth 
means receives the load inquiry request signal; 

an eighth means for transmitting a load io 
response signal showing a load state to the 
one of said data processing request units in 
response to the load inquiry request signal 
received by said sixth means; 

a ninth means for receiving a data pro- 75 
cessing execution requesting signal via said 
network from one of said data processing re- 
quest units: and 

a tenth means for executing data process 
in accordance with the data processing execu- 20 
tion requesting signal received by said ninth 
means. 

7. A system as set forth in claim 6. wherein the 
reception prohibiting time period is iarger than 2s 
a time period defined from a time when one 

load inquiry request signal is received by one 
of said data processing execution units to a 
time when a data processing execution re- 
questing signal con^esponding to the load in- 30 
quiry request signal is received by the one of 
said data processing execution units. 

8. A system as set forth in claim 6, wherein the 
retransmission time period is larger than the 35 
reception prohibiting time period. 
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